Different sialons' compositions were used to find the effect of material starting components on sintering and properties of sialon materials. The nanopowders (Si 3 N 4 , AlN, Al 2 O 3 , Y 2 O 3 and Si 3 N 4 -27 wt.% AlN nanocomposite) were produced by the plasmachemical synthesis. The composite materials were sintered by the method of pressure-less sintering. Sintering temperature decreased significantly, if Si 3 N 4 -AlN nanocomposite was used as one of the components. The increased amount of α-sialon phase and higher hardness are characteristic for materials obtained from separate
INTRODUCTION *
SiAlONs is a general name for a large family of the silicon nitride based ceramics.
There are two main types of SiAlON ceramics used for engineering applications. α-SiAlON and β-SiAlON are solid solutions isostructural with α-and β-Si 3 N 4 , respectively. The common formula of β-sialon is Si 6-z Al z O z N 8-z , where "z" can change from 0 to 4.2. The formula of α-sialon is M x Si 12-(m+n) Al (m+n) O n N 16-n , where M is the metal ion with the valence of p+ and x = m/p, but m characterizes the number of Si-N bonds in α-Si 3 N 4 , which are replaced by the Al-N bonds, and n characterizes the amount of Si-N bonds replaced by the Al-O bonds [1] .
α-SiAlON ceramics are characterized by equiaxed grains with high hardness and good wear and oxidation resistance. β-SiAlONs are characterized by their elongated grains with good flexural strength and fracture toughness [2] . α/β SiAlON composites have been studied due to advantages in the physical properties of both SiAlONs [3] .
The diffusion velocity and the distance of the diffusion way are of great importance for compacting of covalent compounds, for example, SiAlONs. The distance of the diffusion way can be decreased, if nanocomponents are used for production of compact material.
The aim of this investigation is to find the effect of material starting components on sinterability, structure, phase composition and properties of sialon materials on the example of 18 sialon compositions using the nanocomponents as raw materials.
EXPERIMENTAL
The sialon composites (18 compositions in the range of α-and α-/β-sialon existence (Fig. 1 (Fig. 1) . Powder consists of α-and β-Si 3 N 4 (mainly in the ration 1 : 1) and the X-ray amorphous part. Depending of the SSA, the content of X-ray amorphous phase is in the range between 60 wt.% to 80 wt.%. All powders were mixed in isopropanol for 3 h in a planetary mill (400 rpm) in a silicon nitride vessel using silicon nitride balls. After drying at 80 °C the powders were sieved through a 200 μm mesh.
Green bodies with a diameter of 12 mm and a height of 7 mm -8 mm were produced by die pressing with a pressure of 200 MPa. The density of samples ("green body") pressed from nanopowders was 31 % -33 %. Samples of sialon ceramics were made by the methods of pressure-less sintering. Samples were pressure-less sintered under nitrogen atmosphere up to 1750 °C with a heating rate of 10 °C/min and a dwell time of 2 hours.
Chemical composition of the plasma-synthesized sialon nanopowders (N, Si free , Y, Al) was determined by the chemical analysis. Phase composition of the fired specimens was performed via X-ray diffractometry (XRD) (DRON-3 and Advance D8, Bruker AXS).
Density of sintered samples was determined by the Archimedes method. Microstructures were observed using scanning electron microscopy (SEM) (Hitachi, S4800) on fracture surface. Hardness (HV 5 , load 49 N and HV 10 , load 98 N) was measured by the Vickers indentation technique.
RESULTS AND DISCUSSION
As it follows from [6] , sintering temperatures of materials obtained from nanopowders are significantly lower than those for materials from sub-micron industrial powders. Our research shows that essential for material formation is also the choice of starting nanocomponents. For example, replacing of separate Si 3 N 4 and AlN nanopowders by the plasma-synthesized Si 3 N 4 -AlN nanocomposite of the same composition and dispersity, the sintering temperature of sialon decreases for approximately 100 °C (Fig. 3) . The same fact has been observed in the case of sialons of other composition in the all range of existence of α-sialons and near it (Tables 3 and 4) . Sialons of some compositions prepared from Si 3 N 4 -AlN nanocomposite sinter already starting from 1430 °C, but for most of composites at the region of α-sialons the temperature of approximately 1550 °C is necessary (Table 4 ) and only outside of the region of α-sialons higher sintering temperature is necessary. Samples obtained by the mechanical mixing of Si 3 N 4 and AlN nanocomponents, which are located in α-sialons areas, predominantly start sintering from 1600 °C ( Table 3 ). The common regularity has been observed: the sintering temperature of material decreases with the increase of coefficients "m" and "n" in the formula characterizing sialon composition.
With the increase of the density also the hardness of material raises. The sintered samples prepared from Si 3 N 4 -AlN nanocomposite have relatively high hardness at 1500 °C (Fig. 4, Table 4 ), but the maximum hardness value is achieved above 1650 °C temperature. Also, sintered samples of obtained by the mechanical mixing of separate Si 3 N 4 and AlN nanocomponents the maximum hardness have at sintering temperature 1700 °C -1750 °C (Table 3) . As it follows from the results of X-ray analysis, real samples contain more β-sialon phase, although most of composites are situated in the region of existence of α-sialon. Moreover, the content of α-sialon in the samples made from Si 3 N 4 -AlN nanocomposite is less than in the samples of same composition made from separate Si 3 N 4 and AlN nanocomposites (Fig. 5) . This can be explained with the fact that plasma-produced nanopowders are of high specific surface area and the oxygen from the air adsorbs on the surface of nanoparticles and it is complicated to get free from it also during sintering process. As a result, the sialon material contains more oxygen-containing compounds than it should be necessary according to the phase diagram. Due to this more glass phase forms during sintering stimulating the transition of α-sialon phase into the β-sialon [7] . Therefore also the hardness of material (Tab. 3 and 4) is lower than it could be expected in the case of pure α-sialon phase [8] .
The decrease of α-sialon phase is especially explicit when Si 3 N 4 -AlN nanocomposite is used. The differences in material sintering process are related to the peculiarities of formation of used nanopowders: when Si 3 N 4 -AlN nanocomposite is produced in plasma, a lot of chemical interactions have been occurred already during producing of his composite: sialon phases possessing lower sintering temperature and less viscosity have been formed (for example, Si 1.8 Al 0.2 O 1.2 N 1.8 ) [9] . Therefore the sintering of samples obtained from Si 3 N 4 -AlN nanocomposite occurs at lower temperature than for samples obtained from individual nanocomponents, but the product contains less α-sialon phase.
Microstructure of samples depends on their chemical composition (Fig. 6 ). Crystallite size of materials obtained from nanopowders at 1650 °C (both for α-and β-sialon) is ∼100 nm, grain size is in the range of 200 nm -300 nm. Considerable formation of needle-shaped crystals (especially for sample A14) begins at 1600 °C -1650 °C. The average diameter of needle-shaped crystals is of approximately 200 nm and length -up to 2 μm.
CONCLUSION
The sintering temperature of ceramics samples made from Si 3 N 4 -AlN nanocomposite is lower than that for samples from separate nanocomponents. It has been found that sialons of some compositions sinter already starting from 1430 °C, but for most of composites at the region of α-sialons the temperature of approximately 1550 °C is necessary and only outside of the region of α-sialons higher sintering temperature is necessary. The common regularity has been observed: the sintering temperature of material decrease with the increase of coefficients "m" and "n" in the formula characterizing sialon composition.
Due to the peculiarities of used nanopowders (increased amount of oxygen adsorbed from the air on the surface of nanoparticles) obtained sialon ceramics contains more β-sialon phase resulting in a slightly decreased hardness of ceramics than it was expected for the α-sialon phase.
